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recent  series  of  experiments  designed  and  conducted  to  assess  hormonal  and 
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Abstract 

This  paper  presents  a  summary  of  the 
background,  objectives,  and  methodological 
approach  of  an  ongoing  research  project 
devoted  to  the  analysis  of  individual  and 
saall  group  performance  effectiveness  under 
conditions  of  isolation  and  confinement 
during  extended  residences  in  a  continuously 
programmed  environment.  A  more  detailed 
description  is  provided  of  the  results  of  a 
recent  series  of  experiments  designed  and 
conducted  to  assess  hormonal  and  behavioral 
effects  of  a  change  In  group  membership  and 
size. 

Introduction 

Where  sustained  and  effective  human 
performance  is  essential  to  the  success  of 
group  aisslons  conducted  within  the 
unfamiliar  and  stressful  circumstances  of  sea 
and/or  apace  habitats,  it  Is  obviously 
necessary  to  determine  the  conditions  under 
which  (1)  productive  individual  behavior  and 
social  interactions  can  be  aalntalned  and  (2) 
performance  decrements  prevented  or 
corrected.  Accordingly,  in  response  to  the 
recognition  of  the  practical  laportance  of 
developing  technological  guidelines  related 
to  (1)  the  impact  of  the  type  of  mission,  (2) 
the  characteristics  of  mission  participants, 
and  (3)  the  skill  level  of  a  novitiate 
participant  as  they  affect  the  group's 
ability  to  accomplish  mission  objectives,  a 
research  project  was  undertaken  to  investi¬ 
gate  performance  effectiveness  within  the 
context  of  a  programmed  laboratory  environ¬ 
ment  in  which  both  Interpersonal  and  work 
behaviors  can  be  continuously  monitored  over 
extended  time  periods.  A  discursive 
rationale  and  preliminary  model  have  been 
presented  elsewhere  for  the  application  of 
continuously  programmed  environments  In  human 


research  on  the  basis  of  extended  experi¬ 
mental  control,  objective  recording,  and  the 
maintenance  of  realistic  and  naturalistic 
incentive  conditions  for  the  assessment  of  a 
broad  range  of  individual  behavioral 
processes.1  A  review  of  the  very  extensive 
literature  involving  the  study  of  small 
groups2  suggests  that  research  on  group 
performance  effectiveness  would  be  equally 
advantaged  by  the  development  and  application 
of  an  effective  methodology  for  extended- 
duration  analyses  of  both  the  functional  and 
topographic  aspects  of  social  living  and  work 
situations  which  provide  for  operational 
performance  assessment  and  evaluation.  The 
present  report  describes  the  experimental 
methodology  and  results  derived  from  studies 
of  such  human  individual  and  social  behaviors 
conducted  at  The  Johns  Hopkins  University 
School  of  Medicine  under  residential  labora¬ 
tory  conditions  in  a  programmed  environment. 

Apparatus 

All  studies  were  conducted  within  a 
residential  programmed  laboratory  represented 
in  schematic  form  in  figure  ±,  Briefly,  this 
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|  programmed  environment,  which  has  been 

I  previously  described  In  det«^l,3»*  is 
!  composed  of  three  2.6  by  3.4  by  2.4  ■  private 
•  roow,  a  4.3  by  6.7  by  2.7  ■  recreation  root, 

.  a  2.6  by  4.1  by  2.7  ■  work  station,  and  a  2.3 
I  by  7.9  by  2.4  ■  hall  Joining  the  rooms, 
j  Remotely  controlled  solenoid  locks  on  doors 
{  and  storage  coapartaents  located  throughout 

!  the  environaent  provide  for  experimental 
{  progressing  of  acceaa  to  laboratory  resources 
according  to  the  rules  of  a  behavioral 
1  prograa  to  be  described  below.  Electro¬ 
mechanical  control  devices  positioned 

throughout  the  environaent  are  Interfaced 
with  coaputer  systems  located  within 
adjoining  laboratory  support  facilities  which 
provide  for  monitoring,  programming, 
recording,  and  data  analysis.  Audio  and 

video  equipment  located,  with  the  awareness 
of  participants,  within  each  of  the 
residential  chambers  permits  continuous 
monitoring  during  conduct  of  an  experlaent. 

Subjects 

In  response  to  recrultaent  notices  on 
college  bulletin  boards  and  in  local  news¬ 
papers,  over  100  aale  and  female  subjects 
have  been  screened  and  accepted  for  partlcl- 
j  patlon  In  the  research  on  the  basis  of 
psychological  evaluation,  educational 
.  background,  and  availability.  Subjects  are 
faailiarlsed  with  the  operational  features  of 
the  laboratory,  with  the  experimental 
methodology,  and  with  performance  tasks 
during  several  dally  sessions  preceding  the 
experiment.  Informed  consent  is  obtained. 

Behavioral  Pfotraa 
Fleurs  £  presents  a  diagrammatic 


Figure  2 


representation  of  a  behavioral  program 
exemplar  governing.  In  general  form,  the 
sequential  and  contingent  relationships  of 
activities  employed  throughout  the  series  of 


experiments.  Each  box  within  the  diagram 
represents  a  distinct  behavioral  unit  and 
response  requirement.  Subjects  progress 

through  the  program  sequentially  from  left  to 
,  right.  This  progression  involves  program 
.  branches  composed  of  s  fixed  activity 

|  sequence  and  optional  activity  sequences. 
Regardless  of  the  sequence  selected,  the 
diagram  indicates  that  all  behavioral  units 
are  scheduled  on  a  contingent  basis  such  that 
access  to  a  succeeding  activity  demands 
aatlsfactlon  of  the  requirements  for  the 
preceding  unit. 

Beginning  at  the  far  left,  the  fixed 
activity  sequence  la  composed  of  all 

activities  between  and  Including  Health  Check 
(H^>  and  Food  One  (FDD.  The  Health  Check 
activity  requires  the  subject  to  determine 
his  temperature,  pulse,  and  weight,  and  to 
complete  aeveral  subjective  status  question¬ 
naires.  He  then  completes  the  following 
activities  In  the  order  displayed:  Physical 
Exercise  (PE),  requiring  500  correct 
responses  on  an  automated  exercise  task; 
Toilet  Operations  (TO),  providing  access  to 
the  private  room  bathroom  and  drawers 
containing  towels,  toiletries,  and  a  vacuum 
cleaner;  Autogenic  Behavior  (AB),  In  which 
the  subject  follows  taped  relaxation  Instruc¬ 
tions;  and  Food  One  (FD1),  in  which  the 
subject  la  permitted  to  select  two  items  from 
a  presented  list  of  10  *light"  foods  such  as 
coffee,  tea,  soup,  cereal,  etc. 

When  Food  One  Is  completed,  the  subject 
is  eligible  to  select  one  of  the  following 
i  three  activities:  Reading  (RD),  providing  at 
least  30  minutes*  access  to  books  contained 
within  a  drawer;  Work  Two  (WK2) ,  In  which  the 
aubject  completes  In  private  various 

problems,  experiments,  or  assembly  projects 
presented  in  a  drawer;  and  Sleep  (SLP), 
providing  access  to  the  bed  for  an  unlimited 
time  period  of  at  least  30  minutes.  If  the 
subject  selects  Sleep,  he  is  required  to 
return  to  the  Health  Check  activity  and  the 
fixed  activity  sequence  at  the  completion  of 
Sleep.  This  minimum  recycling  sequence  Is 
designed  to  maintain  and  assess  the  subject's 
health  If  he  were  otherwise  indisposed  to 
engage  in  the  broader  selection  of 
opportunities. 

The  optional  activity  sequence  begins 
with  the  choice  of  gag  of  the  following  two 
activities:  Reading  (RD),  providing  at  least 
30  minutes*  access  to  books,  or  Work  Two 
(VK2),  in  which  the  subject  completes  various 
word  games,  experiments,  or  assembly 
projects.  When  the  selected  activity  is 
completed,  the  subject  is  eligible  to  select 
one  of  the  following  three  activities: 
Pussle  Assembly  (PA),  requiring  the  subject 
to  assemble  a  Jigsaw  pussle  presented  in  a 
drawer;  Manual  Behavior  (MB),  providing  at 
least  30  minutes'  aeoeas  to  art  supplies 
contained  in  a  drawer;  and  Requisition  (REQ), 
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Performance  Teak 


allowing  the  subject  to  press  a  lever  to  earn 
at  least  one  but  not  sore  than  20  points 
exchangeable  for  treats ,  such  as  soft  drinks 
and  pastries.  On  eoepletlon  of  the  selected 
activity,  the  subject  Is  eligible  to  select 
£0£  of  the  following  four  activities: 
Private  Gaees  (PC),  allowing  at  least  30 
alnutes1  access  to  an  assortaent  of  solitary 
games  within  a  drawer;  Food  Two  (FD2), 
requiring  at  least  30  alnutes  and  providing 
the  subject  with  a  major  aeal  to  eat  within 
his  private  room;  Food  Three  (FD3),  providing 
at  least  30  alnutes  In  the  recreation  room  by 
one,  two,  or  three  subjects  to  eat  a  aajor 
aeal  and  to  play  games;  and  Husic  (MU), 
allowing  the  subject  to  press  a  lever  to  earn 
a  cassette  tape  that  can  be  played  at  any 
tlae.  Once  a  subject  completes  his  choice 
aaong  those  four  activities,  he  returns  to 
Health  Check  and  reauaes  the  fixed  activity 
sequence,  indicated  by  the  dotted  line.  The 
optional  activity  sequence  allows  the  subject 
flexibility  In  the  selection  and  arrangement 
of  activities,  both  individual  and  social. 

At  the  bottom  of  the  dlagraa  are  four 
activities  with  more  general  rules.  The 
Limited  Toilet  Operations  (LTO)  activity, 
which  provides  access  to  the  bathrooa,  can  be 
selected  at  any  time.  The  Audit  (A)  activity 
can  also  be  selected  at  any  tine,  and  it 
provides  the  subject  with  all  subjects*  work 
productivity  during  the  ourrent  day.  The 
Communication  (COM)  activity  allows  access  to 
the  intercom  for  intersubject  communications. 
A  subject  Is  permitted  to  use  the  intercom  to 
initiate  or  answer  a  communication  only  if  he 
la  between  any  two  program  activities. 
Although  the  Communication  activity  is 
available  between  any  activities,  an  actual 
conversation  requires  at  least  two  subjects* 
simultaneous  presence  within  the  Communi¬ 
cation  activity.  Conversing  subjects, 
however,  whether  in  pairs  or  all  three  at 
once,  can  be  located  at  different  sequential 
positions  within  the  behavioral  program.  For 
example,  a  Communication  and  conversation 
might  occur  when  one  subject  is  between 
Autogenic  Behavior  and  Food  One,  and  another 
subject  Is  between  Manual  Behavior  and  the 
last  column  of  activities,  and  so  on.  The 
Multiple  Task  Performance  Battery  (MTPB) 
activity,  to  be  described  below,  provides 
access  to  the  work  station,  and  it  can  be 
selected  between  any  two  activities  in  the 
behavioral  program. 

A  manual  of  instructions  detailing  the 
program  and  use  of  environmental  resources  is 
contained  in  each  room  of  the  environment. 
An  example  of  a  subject's  instructional 
manual,  health  assessment  questionnaires,  and 
procedural  details  associated  with  the 
various  activities  has  been  previously 
described.5 


A  Multiple  Task  Performance  Battery 
(MTPB)  was  used  as  the  major  performance 
assessment  procedure  throughout  the  research. 
Fleure  2  presents  a  photograph  of  the  MTPB 


Figure  3 

console  on  which  the  performance  tasks  were 
presented  on  a  cathode  ray  tube  (CRT)  display 
terminal.  The  battery  was  composed  of  the 
following  five  task  components  which  were 
presented  concurrently  to  an  operator:  (1) 
blinking  lights,  providing  a  measure  of 
watchkeeping,  (2)  warning  lights .  providing  a 
measure  of  vigilance,  (3)  probability 
monitoring,  providing  a  measure  of  attentive 
functions,  (A)  target  Identification, 
providing  a  measure  of  sensory-perceptual 
functions,  and  (5)  arithmetic  operations, 
providing  a  measure  of  computational 
functions.  Accurate  responses  produced 
points  which  were  presented  on  the  screen  as 
they  were  accumulated.  The  parameters 
associated  with  the  tasks  were  chosen  so  that 
an  operator  with  5-10  hours  of  practice  could 
accumulate  500-600  points  per  hour.  The 
upper  limit  of  performance  was  approximately 
750  points  per  hour.  A  comprehensive 
description  of  the  performance  battery  has 
been  published  by  Gmurlan,*  and  a  rationale 
for  this  • synthetic  work”  methodology  has 
been  provided  by  Morgan  and  Allulsl.? 

flggfcgCgUnd  Bsspsreh  Findings 

Over  the  past  three  years,  volunteer 
subjects  have  participated  In  a  series  of 
experimental  group  missions  involving 
continuous  residence  for  varying  periods 
within  the  programmed  laboratory  environment. 
Early  studies  Involved  simply  confinement  and 
isolation  of  two- per son  groups  for  relatively 


brief  24-hour  periods  to  demonstrate  the 
adequacy  of  the  hardware  and  to  determine 
habitability  under  conditions  which  required 
only  alnlaalt  and  basically  biological 9 
activity  sequences!  eating ,  sleeping! 
group  interactions!  etc.  The  major  findings 
and  conclusions  were  that  the  hardware  wss 
operational  and  the  experimental  setting 
eapable  of  sustaining  stress* free  living 
conditions  for  at  least  these  brief  24-hour 
periods.  The  second  phase  of  the  research 
Involved  extending  the  length  of  these 
studies  froa  one  to  three!  and  then  to  ten 
days  of  continuous  residence  in  the 
laboratory  and  Introducing  programmatic 
sequencing  of  performance  activities.  The 
aajor  findings  and  conclusions  were  not  only 
that  such  saall  groups  could  be  aalntalned 
under  stress-free  living  conditions  for  these 
■ore  extended  periods  in  the  experiaental 
environment,  but  also  that  the  sequential 
contingency  performance  program  was 
supportive  of  both  Individual  and  group 
behavioral  productivity. & 

Subsequent  program  parameter  studies 
focused  upon  the  temporal  determinants  of 
group  productivity  and  effectiveness  under 
conditions  of  performance  schedule  "pacing", 
i.£.t  imposed  delays  between  activities t  and 
of  mission  extensions  of  up  to  sixteen  days 
of  continuous  residence  in  the  laboratory. 
The  major  findings  and  conclusions  emphasised 
the  differential  Importance  of  selected 
components  of  the  program,  £.£*,  social 
activities!  in  maintaining  individual  and 
group  performance  effectiveness  and  the 
sensitivity  of  the  behavioral  program  to 
reversible  experiaental  manipulations,  l.g. , 
corrective  countermeasures.  In  the  course  of 
extended  residential  missions.  More  recent 
studies  have  focused  upon  both  differential 
program  requirements  for  social  cooperation 
In  groups  of  three  participants  and  effects 
on  selected  performance  components  of  the 
mission  activity  schedule.  The  aajor 
findings  and  conclusions  which  emerged  from  a 
comparison  of  reversible  cooperation  and 
non-cooperation  conditions  emphasised  the 
potentiating  effects  of  such  contingency 
management  procedures  upon  group  cooperative 
performance,  on  the  one  hand,  and  the  group 
fragmentation  which  developed,  A.g. ,  subject 
pairing  and  individual  social  Isolation,  on 
the  other.  Perhaps  most  importantly,  the 
results  strongly  suggested  that  cooperative 
programming  contingencies  can  effectively 
prevent  withdrawal  or  alienation  of  a 
potential  social  isolate  froa  essential  and 
productive  group  activities. • 

Group  performance  cohesiveness  studies 
were  then  undertaken  to  investigate 
variations  in  the  number  of  group  members, 
1.1.,  two  of  three  or  three  of  three, 
permitted  to  Interact  socially  under 
different  program  conditions.  Comparisons 
between  these  conditions  revealed  marked 


differences  in  the  degree  to  which  program 
synchrony  could  be  maintained,  with  con¬ 
siderably  more  drift  separating  individual 
subject  schedules  under  dyadic  than  triadic 
conditions.  Xn  addition.  Individual  social 
distance  measures  derived  from  observations 
of  triadic  episodes  were  predictive  of  the 
degree  to  which  a  given  member  would  become 
socially  Isolated  under  dyadic  programming 
conditions  which  limited  social  Interactions 
to  only  two  members  of  the  group.  In 
general,  low  group  coheslveness  appeared  to 
Increase  vulnerability  to  social  fragmen¬ 
tation  in  the  absence  of  specifically 
programmed  triadic  cooperation  contin¬ 
gencies.10 

Performance  program  "chaining"  sequence 
studies  were  then  initiated  to  vary  the 
degree  to  which  the  scheduling  of  activity 
components  in  the  performance  program  was 
determined  by  the  group  participants  or  by  a 
predetermined  chaining  sequence.  The 
outcomes  of  these  studies  in  terms  of 
significant  departures  from  the  performance 
program  and  differential  distributions  of 
selected  activities  (£.£.,  social  activities) 
under  non-chaining  conditions  with  limited 
sequential  interdependencies  among  perfor¬ 
mance  requirements  emphasised  the  Importance 
of  participant  -  experimenter  interactions. 
These  observations  provided  the  transition  to 
a  series  of  special  mission  studies 
undertaken  to  assess  the  effects  of  such 
interactions  on  individual  and  group 
performance. 

The  first  of  these  special  mission 
studies  focused  upon  the  rule  conditions 
under  which  MTPB  and  other  work  assignments 
were  c on se qua ted. 11  Under  "positive" 
incentive  rule  conditions,  completion  of  work 
assignments  by  individual  crew  participants 
produced  corresponding  increments  to  a  group 
account  which  determined  remuneration  for 
participation.  Throughout  other  successive 
days  of  such  a  mission,  completion  or 
identical  work  assignments  no  longer  produced 
increments  to  the  group  account,  but  were 
required  to  avoid  reductions  of  similar 
magnitude.  Comparable  performances  of 
identical  value  to  the  group  were  required, 
with  the  difference  between  the  two 
conditions  being  the  motivational  valence 
(positive  or  negative)  of  the  performance 
consequences  Imposed  by  the  experimental 
program  (,!•£••  "mission  control"). 

The  results  showed  that  a  distinguish¬ 
able  and  stable  pattern  of  work  performances 
and  social  interactions  emerged  during  the 
appetltlvely-programmed  days  of  such 
"missions”.  Typically,  the  completion  of 
several  work  periods  under  the  positive 
condition  was  followed  by  a  social  episode 
which  usually  Included  a  open  on  meal. 
Additional  brief  work  periods  then  generally 
occurred  Interspersed  with  individual  or 
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iz.uuo  points  to  aceompusn  on  each  of  Days 
3-5.  Mission  members  informally  agreed  to 
distribute  the  criterion  evenly  among 
themselves.  At  the  conclusion  of  Day  A, 
however.  Subject  3  fell  behind  in  his  share 
of  work,  and  he  oaused  the  criterion  to  be 
missed  by  56  points.  Unlike  a  high- 

productivity  participant's  tolerance  of 
variation  in  work  output  during  the 
appetitive  condition,  one  of  the  other  group 
members  (Subject  1)  became  openly  hostile  at 
this  relatively  trivial  shortcoming,  and  he 
reprimanded  Subject  3  during  an  intercom 
conversation  at  the  end  of  Day  A.  Signifi¬ 
cantly,  Subjeot  1  also  refused  to  perform  any 
further  work  during, the  aversive  condition, 
and  on  Day  5  the  group  lost  heavily  in 
potential  earnings  as  a  result,  at  least  in 
part,  of  Insufficient  personnel  to  operate 
the  performance  battery  on  a  sustained 
basis.  Of  at  least  equal  importance  was  the 
fact  that  Subject  I's  emotional  outburst  and 
his  refusal  to  work  was,  in  part,  paralleled 
by  Subject  2  who  showed  a  markedly  diminished 
output  of  work  on  Day  5*  Neither  Subject  2 
nor  Subject  3  showed  a  compensatory  increase 
in  work  productivity  on  Day  5  that  may  have 
otherwise  satisfied  the  criterion  which  was 
missed  on  that  day  by  6495  points*  When  the 
appetitive  condition  was  reintroduced  on  Day 
6,  however.  Subjects  1  and  2  again  contri¬ 
buted  to  work  output,  and,  Indeed,  all 
aubjecta  showed  the  greatest  dally  point 
accumulations  on  that  final  day  of  the 
experiment. 

The  behavioral  effects  observed  In  this 
last  experiment  were  related  to  hormonal 
levels  obtained  from  analyses  of  total  urine 
volumes  collected  throughout  the  course  of 
the  experiment.  Fleurs  4,  for  example,  shows 
a  strong  overall  relationship  for  these  three 
subjects  between  individual  MTFB  productivity 
and  mean  dally  cortisol  levels  determined  by 
radioimmunoassay. 12 


Figure  4 


A  direct  relationship  is  evident  between  mean 
MTPB  points  per  day  and  mean  cortisol  per  day 
with  the  crew  member  showing  the  highest 
average  MTPB  productivity  (Subject  1, 
omitting  Day  5)  also  showing  the  highest 
average  cortisol  level.  Conversely,  the  crew 
member  showing  the  lowest  average  MTPB 
productivity  (Subject  3)  also  showed  the 
lowest  average  cortisol  level.  Signifi¬ 
cantly,  Subject  1  was  the  hlgh-productlvlty 
participant  who  refused  to  work  on  Day  5  of 
the  mission,  and  Subject  3  was  the  low- 
productivity  participant  who  failed  to  reach 
the  criterion  on  Day  4  of  the  mlaslon.  These 
observations  together  sugges't  that  sustained 
high  productivity  along  with  prolonged 
performance  aocuracy  on  a  demanding  task  may 
render  an  individual  vulnerable  to  disruptive 
emotional  reactions  such  as  those  provoked  by 
the  avoidance  phase  of  the  study.  Most 
Importantly  perhaps,  these  results  emphasise 
the  contributions  of  a  multi-dimensional 
analysis  of  Individual  and  group  performance 
effectiveness,  and  they  clearly  demonstrate 
the  utility  of  programmed  environment  methods 
and  procedures  In  assessing  the  broad  range 
of  dependent  measures  which  encompass  such  an 
analysis. 
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Current  Research  Results 

These  foregoing  Investigations  clearly 
•atabllah  social  variables  as  fundasental 
contributors  to  the  overall  status  of  a 
©on fined  micreaociety ,  and  they  emphasize  the 
senaltlvlty  of  such  variables  to  a  range  of 
experlaental  manipulations  having  operational 
significance.  Throughout  such  studies, 
mission  participants  were  observed  to  seek 
social  Interaction  under  one  set  of 
eondltlons  lg.&.,  cooperation  contingencies 
and  appetitive  performance  outcomes)  and  to 
withdraw  from  such  Interaction  under  other 
conditions  (£•£••  pairing  contingencies  and 
avoidance  performance  outcomes).  Thus,  the 
joining  and  leaving  of  a  group  by  mission 
participants  under  circumstances  encompassing 
more  than  a  single  environmental  condition 
would  appear  to  generate  social  effects 
reflecting  Important  dynamic  processes 
requiring  systematic  experimental  analysis. 

Accordingly,  group  performance 
effectiveness  studies  were  Initiated  to 
assess  the  effects  on  Individual  and  group 
behavior  of  a  novitiate  participant's  Intro¬ 
duction  Into  and  withdrawal  from  a  previously 
established  and  stable  two- person  social 
system.  The  objective  of  the  first  two  such 
studies  was  to  focus  upon  (1)  the  social 
mechanisms  and  temporal  properties  associated 
with  the  Integration  of  such  a  participant 
Into  an  established  group,  and  upon  (2) 
sources  of  group  disruption  and/or 
coheslveness  fostered  by  his  presence.  In 
addition,  measures  of  hormonal  levels  based 
upon  the  oollectlon  of  total  urine  volumes 
throughout  the  course  of  the  studies  focused 
upon  changes  in  the  androgen  testosterone  as 
an  endocrinological  Index  of  demonstrated 
sensitivity  to  social  Interaction  effects  In 
both  aninals^3t11i  md  humans.  15  Such  a 
behavioral  biological  analysis  was 
Implemented  to  provide  a  more  valid  and 
reliable  assessment  of  the  Individual  and 
social  Impact  generated  by  introduction  and 
withdrawal  of  new  members  with  an  established 
group. 

Drlnary  testosterone  levels  were  deter¬ 
mined  by  radioimmunoassay.  Pol lowing  a  72-hr 
hydrolysis  with  beta  glucuronidase,  the 
samples  were  extracted  with  methylene 
chloride.  The  methylene  chloride  layer  was 
washed  with  water  and  dilute  sodium  chloride 
and  then  evaporated.  The  extracts  were 
purified  on  LH-20  Sephadex  columns.  Recov¬ 
eries  through  the  procedure  were  monitored  by 
the  addition  of  a  small  amount  of  titrated 
testosterone  added  to  each  sample  prior  to 
extraction.  The  Sephadex  column  eluatea  were 
evaporated  and  taken  up  In  Ria  buffer. 
Aliquots  were  Incubated  overnight  at  4°C  with 
a  testosterone  antibody  produced  In  rabbits. 
Free  and  antibody-bound  hormones  were 
separated  using  Somogyl  reagents.  Radio- 
aotlvlty  measurements  were  made  in  a  Beckman 
LS-250  counter.  Samples  were  assayed  In  dupli¬ 
cate  and  corrected  for  recovery. 


Groups  1_  and  2:  Introduction  and  Withdrawal 
of  a_  Novitiate 

In  the  first  two  ten-day  experiments,  an 
Initial  baseline  was  established  by  having 
two  mission  participants  follow  a  behavioral 
program  while  residing  In  the  programmed 
laboratory  environment  for  several  successive 
days.  Remuneration  was  a  function  of 
performance  productivity  on  the  MTPB. 
Accurate  individual  operation  of  the  MTPB 
produced  points  which  were  deposited  In  a 
joint  account  to  be  divided  evenly  between 
the  two  participants  at  the  conclusion  of  the 
experiment.  A  dally  celling  of  ten  thousand 
accuracy  points,  representing  approximately 
12-16  hours  of  total  work,  was  in  effect  for 
Group  1,  whereas  no  such  ceiling  was  imposed 
for  Group  2.  After  three  successive  days 
under  such  dyadic  eondltlons,  the  third 
novitiate)  participant  was  Introduced 
Into  the  programmed  environment.  For  Group 
1,  the  third  participant  was  permitted  to 
contribute  to  the  other  participants'  MTPB 
accumulations,  but  he  was  remunerated  on  a 
per  diem  basis  without  regard  to  his 

performance  productivity.  For  Group  2, 
however,  when  the  third  participant  was 
Introduced  as  a  group  member,  the  contingency 
protocol  stipulated  that  only  of  the 

three  mission  members  could  work  on  a  given 
day,  and  the  other  (l.g. ,  resting) 

participant  would  be  remunerated  based  upon 
the  average  MTPB  productivity  of  the  two 
working  participants.  After  four  successive 
days  under  such  triadic  conditions  in  both 

groups,  the  novitiate  participant  was 
withdrawn  from  the  programmed  environment, 
and  the  mission  continued  for  three 

additional  days  with  the  original  two-person 
group . 
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Figure  5 


In  both  groups,  ths  novitiate  somber 
showed  s  gradual,  rather  than  an  abrupt, 
integration  into  the  established  work 
schedule  which  was  left  free  to  vary 
according  to  the  participants*  dispositions. 
As  shown  in  Pleura  5,  the  novitiate 
participant  (.!•£••  Subject  3)  in  Group  1 
progressively  contributed  to  the  dally 
performance  celling  until  his  tern Inal 
productivity  on  Day  7  was  equivalent  to  the 
other  two  sisslon  participants.  Similarly, 
as  shown  in  Figure  the  two  ten-day  members 


GROUP  2 


I  *  34  967890 

SUCCESSIVE  DAYS 


Figure  6 


In  Group  2  refused  to  allow  the  novitiate 
participant  to  work  on  Day  A,  the  first 
triadic  day  of  the  sisslon,  despite  that 
participant's  repeated  exhortations  to  be 
granted  peralsslon  to  work.  When  the 
novitiate  participant  was  allowed  to  work  on 
Days  5-7,  he  desonstrated  dally  work 
productivity  not  notably  different  from  the 
two  ten-day  participants.  Taken  together, 
these  observations  show  a  significant 
resistance  by  an  ongoing  group  to  change  an 
established  and  proven  pattern  of  work  even 
when  such  a  ohange  would  have  provided  relief 
fros  operating  a  demanding  task  (,!•&• ,  the 
MTPB). 

An  analysis  of  testosterone  levels 
obtained  fros  2 A -hour  total  urine  voluses 
collected  during  both  axperlsents  showed 
striking,  though  predictably  inverse  relation¬ 
ships  to  the  sxperisental  manipulation  of 
changing  the  site  and  cosposltlon  of  a  group. 
As  shown  in  Figure  2#  in  Group  1  the  testos- 
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Figure  7 

terone  levels  of  the  established  two-person 
group  seabers  dropped  when  the  novitiate 
nember  was  introduced,  and  they  recovered  to 
baseline  levels  when  he  was  withdrawn.  Signi¬ 
ficantly,  the  novitiate  member's  testosterone 
levels  were  consistently  elevated  in 
comparison  to  his  teammates,  and  he  also 
showed  corresponding  elevations  on 
"Dominance"  factors  associated  with  the  pre- 
nlsslon  screening  battery.  As  shown  in 
Figure  &,  in  Group  2  the  novitiate  team 
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Figure  8 


"Sample t  were  missed  on  Days  1  and  2. 


■Mbtr  showed  clinically  low  testosterone 
levels,  and  be  also  showed  the  lowest  value 
on  the  pre-mission  "Dominance"  scores.  These 
observations  show  the  Influence  of  personal 
history  (X*£*i  individual  difference 
variables)  and  role  differentiation  as 
assessed  fros  behavioral,  endocrine,  and 
psychometric  perspectives  on  the  potential 
personal  readjustments  and  Interpersonal 
challenges  that  a  group  oust  manage 
successfully  when  a  change  in  membership 
occurs.  Finally,  the  elevated  testosterone 
observed  in  the  novitiate  in  Group  1  and  the 
low  testosterone  observed  in  the  novitiate  in 
Group  2  say  reflect  active  processes 
associated  with  joining  the  respective 
established  groups,  but  the  absence  of 
baseline  levels  precludes  such  an 
Interpretation. 

ficausa  1  and  1:  ■oviti.t.  Central 

Lavela 

The  third  ten-day  experiment  was 
designed  and  conducted  to  assess  further  the 
effects  on  individual  and  social  behavior  of 
a  third  participant's  introduction  into  and 
withdrawal  from  a  previously  established  and 
relatively  stable  two-person  social  system. 
This  systematic  replication  of  the  two 
previous  missions  focused  upon  the  social  and 
performance  effects  associated  with  the 
integration  of  such  a  participant  into  the 
established  group  and  upon  sources  of  group 
disruption  and/or  eohesiveness  fostered  by 
his  presence.  Particular  experimental 
attention  was  also  directed  to  participants' 
hormonal  testosterone)  levels  in 
relationship  to  the  programmed  changes  in 
group  membership.  The  replication  Involved 
procedural  innovations  Intended  (1)  to  extend 
the  previous  analyses  to  a  somewhat  different 
set  of  experimental  conditions  with  novitiate 
participants,  (2)  to  potentiate  the  outgroup 
status  of  the  third  participant  who  joined 
the  ongoing  two-person  group,  (3)  to  demon¬ 
strate  the  reliability  and  generality  of 
previous  results,  and  most  importantly,  (4) 
to  provide  baseline  hormonal  levels  for  the 
novitiate  before  and  after  his  participation 
as  a  group  member. 

The  two-person  group  resided  for  ten 
successive  days  within  the  continuously 
programmed  environment.  Participants 
followed  a  behavioral  program  of  contingently 
scheduled  activities  which  determined 
individual  and  social  behaviors,  the  latter 
being  available  on  a  non-cooperative  basis 
throughout  the  study.  Separate  from  the 
behavioral  program  was  aoeess  to  the  work 
station  containing  a  multiple  task 
performance  battery  (MTPB)  and  a  serial 
learning  (3L)  task.  Accurate  operation  of 
the  NTFS  and  SL  tasks  produced  "accuracy 
points*  which  were  deposited  in  a  joint 
account  to  be  divided  evenly  between  the  two 
ten-day  participants  at  the  ocncluslon  of  the 


experiment  and  which  determined  remuneration 
for  participation. 

After  four  successive  days  under  such 
dyadic  conditions,  the  third  participant  was 
introduced  as  a  member  of  the  group.  For 
three  preceding  days,  this  third  participant 
had  resided  in  a  private  chamber,  but  his 
behavioral  program  lacked  communication, 

social,  and  work  opportunities.  This  three- 
day  period  provided  a  hormonal  baseline 

against  which  to  evaluate  the  effects  of 
joining  the  group.  During  the  next  four 

three-person  group  days,  the  novitiate 

participant  was  required  to  operate  the  MTPB 
and  SL  tasks  for  his  Individual  remuneration, 
whereas  he  was  paid  a  fixed  per  diem  on 
baseline  *alone"  days.  At  the  conclusion  of 
this  four-day  period,  the  third  participant 
left  the  group  for  a  final  two-day  baseline 
period  within  his  private  chamber  while  the 
established  group  returned  to  its  status  as  a 
two- person  team. 

The  results  showed  that  the  novitiate 
participant  Intruded  himself  into  the 

established  work  schedule  on  the  first 
triadic  day  of  the  mission  (!.£••  Day  5).  As 
shown  In  Figure  the  novitiate.  Subject  3, 
GROUP  3 


commenced  working  at  1200  hours  on  Day  5 
which  marked  the  change  of  day,  without  corn- 
nun  lotting  his  intentions  to  other  mission 
participants.  Subsequently  on  the  sane  day, 
be  initiated  two  additional  work  periods.  As 
a  result  of  reactions  of  the  two  ten-day  par¬ 
ticipants  to  this  intrusion,  the  novitiate 
participant  was  required  to  shift  hla  work 
episodes  to  successively  later  periods  of  the 
day  across  Days  5*6.  Finally,  the  accommo¬ 
dation  of  the  novitiate  into  the  work 
schedule  by  the  two  ten-day 
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participants  is  suggested  by  the  nore 
frequent  sustained  work  periods  exhibited  by 
participants  while  the  novitiate  was  a  member 
of  the  group. 

A  more  striking  effect  of  the  Impact  of 
the  novitiate  on  the  status  of  the  social 
system  is  revealed  by  the  changes  in  wake- 
sleep  cycles  which  occurred  when  the 
novitiate  joined  the  group.  As  shown  in 
Figure  time  of  day  spent  sleeping  during 
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Figure  10 

triadic  Days  5-8  changed  precipitously  for 
Subjects  1  and  3t  end  remained  comparatively 
undisturbed  for  Subject  2. 
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*Because  of  a  missed  8-hr  collection  on  Day  4 
for  Subject  3,  that  8-hr  Interval  was  assigned 
the  average  value  of  the  preceding  eight  8-hr 
Intervals  in  determining  a  total  value  for 
Day  4. 


An  analysis  of  testosterone  levels 
obtained  from  24-hour  total  urine  volumes 
collected  during  the  experiment  showed 
changes  by  two  of  the  mission  participants  as 
a  function  of  the  two- person  and  three- person 
conditions.  As  shown  in  Figure  1 1 .  Subject 
1,  a  ten-day  group  participant  whose  basal 
testosterone  values  were  low  in  comparison  to 
reported  normal  male  levels,  showed  Increases 
in  testosterone  when  the  novitiate  was 
introduced  into  the  group,  and  his  values 
declined  during  the  final  two  two-person  days 
of  the  mission.  Significantly,  this 
participant  was  the  only  group  member 
expressing  irritation  with  the  novitiate 
member  as  determined  from  interpersonal 
ratings  obtained  during  the  Health  Assessment 
activity.  The  novitiate  participant,  Subject 
3,  who  was  Introduced  into  the  group  on  Day 
5,  showed  a  marked  suppression  or 
testosterone  across  the  four  three-person 
days,  with  a  recovery  to  baseline  levels 
during  the  last  two  solitary  days  of  the 
experiment.  Testosterone  produced  by  Subject 
2  was  stable  after  a  decline  across  the  first 
two  days  of  the  mission.  Significantly, 
Subject  2  showed  the  least  change  in  his 
established  wake-sleep  patterns  whereas 
Subjects  1  and  3  showed  pronounced  changes. 
These  data  suggest  that  the  organization  of  a 
social  system  and  its  subsequent 
reorganization  under  the  specified  rule 
conditions  impacted  upon  endocrine  system 
activity  as  revealed  by  corresponding  changes 
in  testosterone  output  among  mission 
participants. 

In  Group  3»  the  magnitude  of  the  drop  in 
testosterone  exhibited  by  the  novitiate  in 
comparison  to  such  values  observed  during 
baseline  days  suggested  an  active  process 
associated  with  the  joining  of  the  group  and 
emphasized  the  importance  of  baseline 
observations  on  all  mission  participants. 
Accordingly,  a  fourth  experiment  was  designed 
and  conducted  to  incorporate  procedural 
changes  Intended  to  provide  basal  hormonal 
levels  prior  to  both  dyadic  and  triadic  group 
formation. 

In  addition  to  dyadic  and  triadic  social 
conditions  to  be  described,  the  ten-day 
experiment  was  composed  of  baseline  and  work 
days.  On  baseline  days,  mission  participants 
followed  a  behavioral  program  in  their 
individual  rooms,  but  without  having  access 
to  work,  Intercom  communications,  or  social 
activities.  During  such  baseline  days, 
subjects  received  a  per  diem  allowance.  On 
work  days,  participants  also  followed  a 
behavioral  program  which  Included  social 
activities  and  intercom  communications,  and 
they  were  additionally  required  to  operate 
the  KTPB  for  their  earnings. 

The  two-person  group  participants 
resided  for  ten  successive  days  within  the 
continuously  programmed  environment.  Days 


1-3  were  solitary  baseline  days  with  no  work 
opportunities,  and  on  Day  *,  base 
participants  formed  a  two-person  teas  with 
competitive  work  opportunities.  That  laB  a 
participant's  MTPB  accuracy-point  earnings 
were  deposited  within  his  Individual  account 
which  was  awarded  to  him  at  the  conclusion  of 
the  experiment.  This  two-person  work 
condition  was  In  effect  from  Days  *-6.  Also 
on  Day  A,  the  novitiate  participant  began  his 
baseline  days  within  his  private  quarters, 
remaining  under  such  conditions  from  Days 
*-6.  On  Day  7,  the  novitiate  participant 
Joined  the  previously  established  two-person 
group.  Days  7-10,  then,  were  triadic  days 
with  all  three  participants  operating  the 
performance  battery  on  a  competitive  basis. 
In  summary,  the  design  of  this  experiment 
allowed  assessment  of  androgen  productivity 
and  behavioral  factors  under  baseline 
oondltlons  which  preceded  dyadic  team 
formation  and  triadic  team  reorganization. 

As  shown  In  Figure  12r  the  two-person 
group  developed  an  orderly  and  alternating 
sequencing  of  work  intervals  throughout 
dyadic  Days  *-6.  When  the  novitiate  joined 
the  group  on  Day  7,  this  sequencing 
persisted,  but,  importantly,  the  novitiate 
participant  assumed  the  most  preferred  work 
interval  (.!•£••  1200-2000  hours).  In 
contrast.  Subject  1  worked  from  2000  to  0*00 
hours,  and  Subject  2  worked  during  the  least 
preferred  time  of  day  Cl.jt* »  0*00-1200 
hours).  Finally,  when  the  novitiate  was  a 
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Figure  12 


group  member  during  Days  7-10,  the  work 
Intervals  of  the  two  ten-day  participants 
were  longer  and  uninterrupted  In  contrast  to 
the  more  frequent  and  comparatively  briefer 
intervals  observed  throughout  Days  *-6. 
Thus,  the  novitiate  participant  exerted  a 
pronounced  effect  on  the  routine  previously 
established  by  the  two-person  group. 


Wake-sleep  cycles  were  altered  among 
solitary  baseline,  dyadic,  and  triadic  days. 
As  shown  in  Figure  sleep  periods  for  the 
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Figure  13 


two  ten-day  participants  during  Days  1-3  were 
synchronous  with  a  typical  day-night 
orientation,  uninterrupted,  and  at  least  8 
hours  in  duration.  During  dyadic  Days  *-6, 
however,  some  disruption  In  sleep  patterns  by 
the  dyadlo  group  Is  evident  In  response  to 
those  members'  adaptation  to  the  performance 
tasks.  The  most  striking  change  occurred, 
however,  when  the  novitiate  joined  the  group 
on  Day  7*  Throughout  Days  7-10,  Subject  2 
showed  a  pronounced  and  consistent  shift  In 
his  sleep  period,  Subject  1  showed  a  moderate 
adjustment  which  extended  into  the  early 
hours  of  an  experimental  day  (which  commenced 
at  1200  hours),  and  most  Importantly,  Subject 
3  showed  no  such  major  alterations  In  sleep 
patterns  In  comparison  to  his  baseline  wake- 
sleep  cycles  established  during  Days  *-6. 

An  analysis  of  testosterone  levels 
obtained  from  2* -hour  total  urine  volwes 
collected  during  the  experiment  showed 
orderly  relationships  to  the  observed  changes 
In  wake-sleep  cycles  and  work  time.  As  shown 
in  Figure  1* .  Subjects  1  and  2,  the  two 
ten-day  participants,  showed  Intermediate 
testosterone  levels  across  the  baseline  and 
dyadic  days  of  the  experiment  with  some  Indi¬ 
cation  of  a  response  by  Subject  2  to  forma¬ 
tion  of  the  dyad.  These  levels  are 
comparable  to  those  exhibited  by  the 
novitiate,  Subject  3*  throughout  his  baseline 
Days  *-6.  When  the  novitiate  participant 
Joined  the  group  on  Day  7,  his  testosterone 
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Successive  Days 
Figure  14 


levels  at  least  doubled,  and  these 
substantially  elevated  levels  persisted 
throughout  the  regaining  triadic  days  of  the 
experiment.  In  contrast,  testosterone  levels 
of  the  two  ten-day  participants  dropped  when 
the  novitiate  joined  the  group,  with  aoae 
recovery  to  those  levels  observed  throughout 
the  six  preceding  days  toward  the  end  of  the 
experiment. 

In  summary,  then,  the  participant 
(Subject  2)  who  showed  the  greatest  shift  in 
his  wake-sleep  oycles  when  the  novitiate 
Joined  the  group  also  showed  a  reduction  in 
testosterone  throughout  the  four  triadic  days 
of  the  nlasion.  Conversely,  the  novitiate 
participant  (Subject  3)  who  showed  the  least 
such  shift  also  showed  consistent  elevations 
in  testosterone  throughout  the  four  triadic 
■lasion  days. 

Croup  £:  Sleep  Period  Control 

Because  of  the  consistent  relationships 
observed  between  changes  in  testosterone  and 
changes  in  wake-sleep  oycles  when  the 
novitiate  entered  the  group  in  Groups  3  and 
4,  a  fifth  experiment  was  designed  and 
conducted  to  assess  the  effects  of  intro¬ 
ducing  a  novitiate  participant  Into  an 
established  group  when  the  program  schedule 
held  the  sleep  period  constant  for  all 
subjects. 

The  experlaental  design  plan  for  Group  5 
was  almost  identical  to  that  for  Group  4  with 
no  work  opportunities  on  Days  1-3  and  with 
the  following  constraint  In  effect  throughout 
dyadle  and  trladle  days.  Throughout  such 
work  days,  aeoess  to  the  work  station. 


intercoa,  and  social  rooa  was  prohibited 
between  2400  hours  and  0800  hours  of  each 
day.  This  restriction  was  laposed  so  that 
•lesion  participants  would  likely  orient 
their  sleeping  to  those  particular  hours, 
although  they  always  had  the  opportunity  to 
engage  in  the  many  remaining  individual 
activities  within  the  behavioral  prograa. 
finally,  in  contrast  to  Group  4,  the 
novitiate  participant  entered  the  environment 
on  Day  3  for  four  solitary  baseline  days 
prior  to  his  entrance  into  the  group  on  Day 
7. 

As  shown  in  Figure  15 .  when  the  dyad  was 
formed  on  Day  4  of  the  experiment,  the  two 
participants  (.!•£••  Subjects  1  and  2) 
developed  an  orderly  sequential  pattern  of 
work  with  each  alternating  work  period 
lasting  approximately  2-4  hours.  This 
pattern  persisted  throughout  dyadic  work  Days 
4-6.  When  the  novitiate  entered  the  group  on 
Day  7,  his  integration  into  the  group 
Involved  his  willing  adoption  of  the 
previously  established  work  pattern.  Through¬ 
out  Days  7-10,  the  three  participants 
alternated  access  to  the  work  station  with 
each  work  period  lasting  approximately  2 
hours  and  changing  at  about  the  same 
time  of  day  throughout  triadic  work  Days 
7-10.  Thus,  this  particular  novitiate 
participant  was  not  observed  to  cause  a  major 
disruption  in  the  style  of  working  which 
developed  preceding  his  entrance  into  the 
group,  nor  did  Subject  1  or  2  try  to  prevent 
his  recurrent  access  to  the  work  station. 
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As  shown  In  Fleur#  16 .  wake-sleep  cycles 
were  stable  for  all  subjects  across 
successive  experimental  days.  The  tlae  of 
day  spent  sleeping  roughly  oorresponded  to 
the  Interval  when  the  activity  restrictions 
were  in  effect.  The  only  exceptions  were 
observed  on  Days  5  and  6  when  Subject  3  was 
reooved  froo  the  behavioral  progras  because 
of  a  oinor  stoaach  upset ,  but  he  remained  in 
the  prograamed  environment  and  napped  during 
the  day  hours.  These  data,  then,  are  in 
striking  contrast  to  the  shifts  in  wake- sleep 
oycles  produced  in  the  previous  experiments 
when  the  novitiate  became  a  group  member. 


SUCCESSIVE  DAYS 


Figure  16 
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The  uneventful  entrance  of  the  novitiate 
participant  and  the  absence  of  resistance  by 
the  established  dyad  were  paralleled  by  the 
lack  of  notable  changes  in  urinary 
testosterone  across  successive  experimental 
days.  As  shown  in  Fleur#  Jl,  no  subject 
showed  a  consistent  and  large-magnitude 
ohange  in  testosterone  as  a  function  of  the 
dyadic  and  triadic  conditions.  (Sampling 
error  prevented  Day  10  determinations.) 
Subject  I'a  values  were  low  to  intermediate, 
Subject  2* a  values  were  intermediate,  and 
Subject  3's  values  were  high.  These  data 
then,  suggest  that  irrespective  of  the 
variance  among  participants'  baseline 
testosterone  levels,  the  accommodating  and 
cooperative  character  exhibited  by  members  of 
this  particular  group  was  sufficient  to 
inhibit  confrontations  which  in  previous 
groups  were  related  to  behavioral  and 
hormonal  readjustments. 

Croup  Mixed  Gender  Effects 

The  five  previous  experiments  were  under¬ 
taken  with  all-male  groups  because  of  the 
importance  of  eliminating  major  sources  of 
intersubject  variability  during  the  early 
phase  of  a  research  program.  kith  the  comple¬ 
tion  of  Group  5,  however,  the  data  base 
appeared  sufficiently  robust  to  warrant  an 
extension  of  the  observed  behavloral- 
blologlcal  interactions  to  a  situation 
involving  a  mixed-sex  group.  Accordingly, 
the  sixth  experiment  within  this  series,  and 
the  last  study  to  be  reported  in  this  paper, 
involved  the  introduction  of  a  female 
novitiate  participant  into  an  established  two- 
person  male  group. 

The  design  plan  of  this  sixth  experiment 
was  similar  to  the  one  used  for  Group  3.  The 
two-person  male  group  operated  the  MTPB  for 
ten  successive  days,  and  each  participant's 
accuracy  points  were  deposited  within  a  Joint 
account  evenly  divided  at  the  conclusion  of 
the  experiment.  After  four  successive  days 
under  dyadic  oondltlons,  the  novitiate  female 
participant  was  introduced  as  a  member  of  the 
group.  For  the  four  preceding  days,  this 
participant  had  resided  in  her  private  room 
under  solitary  baseline  conditions*  After 
four  successive  days  under  triadic  work 
oondltlons,  the  novitiate  was  removed  from 
the  group  for  two  final  baseline  days  while 
the  remaining  participants  again  worked  as  a 
two-person  team.  Finally,  unlike  all 
previous  experiments,  the  two  sale 
participants  had  prevloualy  participated  in 
an  earlier  study:  Subject  1  was  a  dyadic 
group  member  and  Subjeot  2  waa  the  novitiate 
in  Group  A. 

As  shown  in  Fleur#  IB.  during  Days  1-A, 
Subject  1  worked  during  the  early  hours  of  an 
experimental  day  whloh  began  at  1200  hours. 
This  is  similar  to  the  hours  during  which  he 
worked  in  Group  A  on  Days  A-6.  Importantly, 
Subject  2  in  the  present  experiment,  who  was 
the  novitiate  in  Group  4,  was  not  observed  to 
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work  during  the  preferred  hours  as  he  had  In 
Group  4  on  triadic  Days  7-10.  On  Days  1-4  In 
Group  6f  the  work  period  alternations  were 
perhaps  not  so  regular  as  they  were  on  Days 
4-6  In  Group  4.  When  the  novitiate 
participant  entered  the  group  on  Day  5,  she 
alone  worked  during  the  first  12  hours  of 
that  day ,  with  Subjects  1  and  2  working 
during  subsequent  6-hour  Intervals,  respec¬ 
tively.  Thereafter  on  triadic  Days  6-8, 

subjects  alternated  access  to  the  work 

station,  but  no  stable  patterns  of  such 
alternation  developed,  and  for  all  subjects, 
work  periods  occurred  sporadically  throughout 
the  day  >  rather  than  being  oriented  to  a 

specific  tine  of  day  aoross  successive  days 
of  the  triadic  condition.  Finally,  when  the 
novitiate  left  the  group  at  the  end  of  Day  8, 
the  work  sequences  for  Subjects  1  and  2 

roughly  corresponded  to  those  observed  during 
dyadic  Days  1-4. 

As  shown  in  Figure  no  subject 

•alntalned  consistent  wake-sleep  cycles 
across  successive  days  of  the  exper Inent. 
Although  such  cycles  were  comparatively 
regular  during  Days  1-4  when  Subjects  1  and  2 
worked  as  a  dyad  and  Subject  3  lived  alone 
under  baseline,  when  the  novitiate  entered 
the  group  on  Day  5,  wake-sleep  cycles  were 
thereafter  erratic  on  triadic  Days  5-8.  When 
the  novitiate  left  the  group  at  the  end  of 
Day  0,  wake- sleep  cycles  did  not  show  an 
abrupt  return  to  a  typical  day-night 
orientation.  Importantly,  Subject  2,  the 
novitiate  in  Group  4,  did  not  successfully 


maintain  his  wake-sleep  cycles  over 
successive  experimental  conditions  as  he  was 
observed  to  do  when  he  was  a  member  of  Group 
4. 

An  analysis  of  testosterone  obtained 
from  total  urine  volumes  collected  throughout 
the  experiment  was  notable  for  the  absence  of 
large-magnitude  changes  across  successive 
experimental  conditions.  As  shown  in  Figure 

Subject  1  shows  values  consistently 
intermediate  across  successive  experimental 
days.  Importantly,  these  values  are  similar 
to  those  observed  when  he  was  a  participant 
in  Group  4  (see  Figure  JJL).  Subject  2,  the 
novitiate  in  Group  4  who  showed  narked 
elevations  In  testosterone  when  he  joined  the 
group,  failed  to  show  comparable  elevations 
when  the  female  novitiate  joined  the  group  on 
Day  5.  Significantly,  In  the  present 
experiment,  Subject  2  did  not  maintain  his 
established  wake-sleep  cycles  as  he  was 
observed  to  do  when  he  was  a  member  of  Group 
4.  Subject  3t  the  female  novitiate,  showed  a 
slight  drop  in  testosterone  across  Days  5-6 
in  comparison  to  values  observed  during 
baseline  Days  3-4.  Finally,  given  the 
turbulent  character  of  subjects1  work 
Intervals  and  wake-sleep  cycles  which 
contrast  with  the  relative  constancy  of  the 
hormonal  measures,  these  data  suggest  that 
this  particular  group  failed  to  resolve 
Issues  of  leader- follower  relationships  which 
might  have  otherwise  been  reflected  In  the 
endocrine  domain. 
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The  results  of  these  experiments  shov 
clearly  that  interactive  behavioral  and 
biological  processes  are  prominently  Involved 
in  the  individual  performance  adjustments  and 
social  adaptations  of  small  groups  in  a 
confined  microsociety.  Of  particular 
Interest  in  this  regard  are  the  findings 
which  implicate  the  programmed  environmental 
and  behavioral  interactions  In  at  least  those 
aspects  of  endocrine  regulation  reflected  in 
the  cortisol  and  testosterone  measurements. 
While  the  positive  relationship  between  cor¬ 
ticosteroid  levels  and  individual  work 
productivity  la  generally  consistent  with  the 
"catabolic"  Influence  presumed  to  be  exerted 
by  these  hormones  on  energy  metabolism, W  the 
Interactions  between  androgen  levels  and  both 
Individual  and  group  perforaance  dynamics 
present  a  aore  complex  Interpretive  problem. 

In  this  latter  regard,  for  example,  the 
sensitivity  of  testosterone  levels  to  changes 
in  group  composition  was  aost  evident  In 
those  groups  in  which  work  routines  and/or 
wake-sleep  schedules  were  disrupted  for  some 
aeabers  but  remained  stable  for  others*  More 
specifically,  success  in  gaining  or  maintain¬ 
ing  access  to  a  work  schedule  least  disrup¬ 
tive  of  established  wake-sleep  routines  was 
generally  accompanied  by  elevations  In  testos¬ 
terone  levels  occasioned  by  ohanges  In  the 
group  ooaposltlon  S2,  Group  3;  S3, 
Croup  %),  Conversely,  decreases  in  testos¬ 
terone  levels  were  associated  with  changes  in 


group  composition  that  occasioned  shifts  to 
less  than  optimal  work  and/or  sleep  schedules 
(£•£.,  S3,  Group  3;  S2,  Group  4).  Signifi¬ 
cantly,  the  participants  In  Groups  5  and  6 
showed  little  or  no  androgen  response  to  the 
programmed  changes  in  group  composition.  For 
Group  5,  this  outcome  was  consistent  with  the 
orderly  transition  in  work  routines  and  the 
absence  of  changes  in  wake-sleep  cycles  which 
accompanied  the  Introduction  of  a  new  member 
into  this  group.  In  Group  6,  however,  no 
member  emerged  who  clearly  and  persistently 
provided  direction  in  structuring  the 
transition  between  a  two-person  and  three- 
person  group,  and  the  members'  wake-sleep 
cycles  were  erratic. 

The  suggested  Interaction  between 
broadly  defined  "dominance-submission"  rela¬ 
tionships  and  testosterone  levels  In  the 
present  series  of  studies  conforms  well  with 
the  observations  reported  on  changes  in  group 
composition  and  organisation  in  lower 
primates.  Under  conditions  which  involved 
the  introduction  of  a  new  rhesus  monkey  into 
an  existing  group,  changes  in  testosterone 
levels  among  high-ranking  males  were  observed 
to  be  functionally  related  to  an  animal's 
success  (or  failure)  in  defending  his  status 
in  the  primate  social  order.  Victorious 
animals  showed  significant  Increases  in 
testosterone  levels1®  while  monkeys  defeated 
by  the  group  were  reported  to  show  marked 
androgen  level  decreases.1 $  These  general 
relationships  between  the  "doninance- 
submission"  hierarchy  and  testosterone  levels 
in  subhuman  primates  were  further  confirmed 
in  experiments  which  Involved  the  merging  of 
two  established  groups,  with  defeated  alpha 
males  showing  a  decrease  and  victorious  alpha 
males  an  increase  in  androgen  levels.11*  It 
must  be  emphasised,  of  course,  that  these 
studies  with  laboratory  monkeys  occurred 
under  conditions  which  involved  intense  and 
enduring  aggressive  confrontations  unlike 
anything  observed  In  the  much  more  benign 
exchanges  among  the  humans  participating  In 
the  present  group  interaction  experiments. 
The  general  conformity  in  envlronmental- 
endocrlnologlcal  relationships  described 
under  these  two  somewhat  disparate  investi¬ 
gative  circumstances,  however,  suggests  a 
continuity  across  species  of  these  funda¬ 
mental  behavioral  biological  interaction 
processes . 

f 

It  is,  of  course,  both  premature  and 
hazardous  to  speculate  on  the  Implications  of 
the  present  findings  for  the  analysis  of 
group  performance  effectiveness  under  oon- 
flned  microsociety  conditions.  With  regard 
to  the  relevance  of  the  interactive  endo- 
erlnologlcal  relationships  observed  under 
suoh  conditions,  however.  It  seems  reasonable 
to  suggest  that  the  adaptive  significance  of 
any  hormonal  response  oan  best  be  understood 
In  tens  of  the  eonaequences  of  that  response 
at  the  metabolic  level.  Although  metabolic 
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research  on  the  androgens  has  been  largely 
confined  to  reproductive  functions,  it  is 
well  established  that  testosterone  has  potent 
"anabolic1*  properties,  promoting  protein 
synthesis  in  auscle  and  aany  other 
tissues20 and  potentiating  some  effects  of 
Insulin  on  carbohydrate  metabolism.22 
Whether  these  "anabolic"  effects  of 
teatosterone  and  the  androgenic  metabolites 
play  any  appreciable  part  in  general  organic 
or  energy  metabolism  must,  of  course,  await 
clarification  by  further  investigative 
analysis.  But  at  the  very  least,  the  present 
series  of  experiments  emphasise  the 
Importance  of  a  multidimensional  analysis  of 
the  behavioral  and  biological  interactions 
which  determine  the  adaptations  and 
adjustments  of  small  groups  in  confined 
microsocle ties. 
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